[52] US. Cl caeeeeetreteeerenceane 219/270; 219/260;
219/267; 219/552; 219/553; 123/145 A;

123/145 R; 361/264; 361/265; 361/266
[58] Field of Search 219/260, 267, 270, 552,

219/553; 123/145 A, 145 R; 361/264, 265, 266

lllllllllllllll

20

A A A . A

United States Patent 9 [11] Patent Number: 4,682,008
Masaka [451 Date of Patent: Jul, 21, 1987
[S4] SELF-TEMPERATURE CONTROL TYPE [56] References Cited
GLOW PLUG U.S. PATENT DOCUMENTS
: . : J 4,237,843 12/1980 Page et al. ...cocceevvvvvevnnnnes 123/145 A
73] Inventor:  Mitusuke Masaka, Saitama, Japan 4,477,717 10/1984 Walton wooooeroerrroerrssee - 219/267
: . - . 4,486,651 12/1984 Atsumi et al. ...ccoovvervennnnnnnen. 219/553
[73] Assignee:  Jidosha Kiki Co., Ltd., Tokyo, Japan 4,556,780 12/1985 Atsumi et al. ...ooooooorerennnn... 219/270
121] Appl. No.: 836,831 Primary Examiner—E. A. Goldberg
’ Assistant Examiner—Gerald E. Preston
122] Filed: Mar. 6. 1986 Attorney, Agent, or Firm—Blakely, Sokoloff, Taylor &
' 7 Zafman
[30] - Foreign Application Priority Data [57] ABSTRACT
Mar. 22, 1985 [JP]  Japan ..., 60-55988 A self-temperature control type glow plug includes a
- Mar. 22, 1985 [JP]  Japan ....cvcimevcncceninenns 60-55989 rod heater held at a front end of a hollow metal holder
Mar. 22, 1985 [JP]  Japan ......ceeceeenrcnenen 60-55990 and having one end extending outside the hollow metal
Mar. 22, 1985 [JP]  Japan .....c.ccevcvnvencenennes 60-55991 holder. The rod heater includes a heating section made
Mar. 22, 1985 [JP]  Japan .....eeeerivnecreeeene 60-55992 of a conductive ceramic material with a small positive
temperature coefficient and a control section made of a
[51] Int. CL4 i, HO05B 3/00; FO2P 19/02 conductive ceramic material with a positive tempera-

ture coefficient larger than that of the heating section.
The heating section 1s formed integrally with the con-
trol section.

20 Claims, 19 Drawing Figures

1

:
\\\. .

iiiii

i

= A

/ \\\ ‘\\\

G S dElr S A A A A S AR A S A A

‘l m

W W U H Y, Y



U.S. Patent  Jul 21, 1987 Sheet10of7 4,682,008

1

3 i 19

23
ANNANVEASSC RS

D .ww.ww |

IJ!" e -

-*-—l———- *—-—_ ] - \ - ‘ e
“'- A AR B A A A O A S B A B A A : .
- x : - y l ] | . " .- - :
+ ."—_—hl- *

e W % .,

D

F1G.1

20

S |

20a

F1G.2

11 21 23 12 13 13a 14

|r

!!!!!
Lo L B _r—“_—_——
= -

5 122 16 174 17b 1T

FI1G.3



U.S. Patent Jul21,1987  Sheet2of7 4,682,008

1200

900/
850

TEMPERATURE(C)

0 10 H o —— TIME (sec)
N ¢———= AFTER GLOW c—=——

PREHEATING ==
F1G.4

S

20b . 2i

7 -




U.S. Patent  Jul 21, 1987 Sheet3 of 7 4,682,008

10
11 25 21 23 12
2 ..\‘\\w SO N

154 "i!i!!i!iiii!§i=:=ﬂsliliat ?
20a
- FI1G.7
132 13
20 91 23 12a 12

SRR "IIIﬂIII||||||||||||||||Illr1a§:eaulwvnn

/ \Im““\‘\“ ‘“
11 15 16 17a 176 17¢
FI1G.8
11 25 21 f

J’ r &£ £ £ JZ .




U.S. Patent jul 21, 1987 Sheet 4 of 7

11 10

S
@D

F1GIo

13a 13

INN

e ——————
T AL S N A N N N N N . . . A A N AN A

10
20 21 23 12 ) 12 14

L]
+ B

"”‘l'.‘. ' i!-‘-.-‘q- - - .r . 1 - v . ¥ . j_‘-T-u.. S I AR -
T S L __!.ip:{eln
TTTLTTT T s — - - — s e Y o —_— — NER.0
e '||||||||||||||||||IIIF"'Tw'"""m""""T

)
) }( ";“”'“'"'%:=;:!===ﬂ:========!N!Hlnlmlnli§§§E§§Fgﬁr”ﬁ! =

15 16 17a 17b  17c

FI1G.l




U.S. Patent Jul. 21, 1987 Sheet 5 of 7 4,682,008

10
23 12
20 21 /

AN oSN —O)

T I T T s R e

| Mgt = T = BTN LEHE R AN

— )
§ — AR TR A R DA SN TS A ST  ~
| L. wRr, R Y R AT A SRR SO AR ST A9 ST AN AT O

) / AT B8
11

15b 31

FIG.13

' 0 13 13
20 23 15 12a 12 14
| | T~
“_—__ ssl ore -
A --‘!g”s.-“““.“-""“-E.'“.“'E_“ﬂiiiihﬂﬂ!uuﬂl )
T P T Pl

11 N 15b ' 16 17a 17h 17c

FI1G.14



U.S. Patent Jul. 21, 1987 Sheet 6 of 7 4,682,008

) \
Fy T, -—_ Tt - !! ‘
A= wree—————anauad T\

l

21 5 23 12

CRR S —0)

e et
rwmmmwm
oo

/777777777777 D
V777X 77777777 =

20 40

10
1 23 12 s 12 13a 13 1
NN

l———-'--i—lin-——'-——.

.....
¢ e b —— Y e "y, i m— A— p—
[ ] a [ ] a

e it o o __ji\\\‘ﬁit“s

h ' ‘—'--..-. Y ySeiglegs  w—
n“*““ﬁ*
&9 HNSEEERIREEEETENS

¥ W WF, Wa Skl I - Ep S B e e

| LD
R el o

40 21 15 16 17a 17 17c

SN AN EN “‘11““““"\_ = 2

F1G.l6



U.S. Patent  Jjul 21, 1987 Sheet7of7 4,682,008

l

_ _ 21
20 41 25 ,{

NN S0

' ;w””’"£ L "-':* Ao -

L L] [ I ]
S almisbink | s e e it e el e e e o AR RN I e —_—,

12

=

25 21 12

, F1G1
SN

20 40 41

AN Ay 2l SN AER SR R Sy S AR AN By A AN A N A S S

lip ALY A7 AN 41067 S7 7 589 S

¥,

A A A SR A Y N . Rl il A& O W IF

A BRSSO
F1G.18

20 42 "j' 12
11
o

AN

A ——— -~
P77777777777} .

S

= 3
SS = N @

21



4,682,008

1

SELF-TEMPERATURE CONTROL TYPE GLOW
PLUG

BACKGROUND OF THE INVENTION

The present invention relates to a glow plug used to
preheat a subcombustion or combustion chamber of a
diesel engine, and more particularly, to an improvement
in a self-temperature control type glow plug with a rod
heater for achieving a fast heating function and improv-
ing heating characteristics to achieve a prolonged after-
glow.

Since a diesel engine generally has poor starting char-
acteristics at low temperatures, a glow plug is mounted
in a subcombustion or combustion chamber thereof. A
current is supplied to the glow plug to heat it. The heat
from the glow plug increases an intake temperature, or
is used as an ignition source, so that the starting charac-
teristics of the diesel engine are improved. A typical
conventional glow plug is of a sheath type wherein a
metal sheath is filled with a refractory insulating pow-
der, and a coil heater of iron chromium, nickel or the
like is embedded in the powder. Another typical con-
ventional glow plug 1s of a ceramic heater type, de-
scribed in Japanese Patent Prepublication No. 57-41523.
The ceramic heater type glow plug has a rod heater
prepared by embedding a heater wire of tungsten or the
like in a ceramic material. In this type of plug, when
compared with the sheath type glow plug which per-
forms indirect heating through the refractory insulating
powder and the metal sheath, heat conduction effi-
ciency is improved as are heat conduction characterisit-
ics. The ceramic heater type glow plug need only be
heated for a short period of time, thereby improving
temperature rise characteristics and satisfying fast-heat-
ing glow plug requirements to some extent. Because of
these advantages, ceramic heater type glow plugs have
become popular 1n recent years.

Still another conventional glow plug i1s proposed, as a
self-temperature control type glow plug with two heat-
ing materials, in Japanese Patent Publication No.
45-11648 and Japanese Patent Prepublication No.
54-109538. In this type of plug, a resistor with a larger
positive temperature coefficient (PTC) than the con-
ventional heating wire is connected as an energization
power control element in series with the heating wire of
the glow plug. Energization power to the heating wire
is self-controlled to greatly improve the heating charac-
teristics and prevent overheating of the heater portion
of the plug.

However, since only one type of heating wire 1s em-
bedded inside the conventional ceramic heater glow
plug in the same manner as in the conventional sheath
type glow plug, some problems occur in energization
power control. In order to greatly improve the temper-
ature rise characteristics upon heating of such a ceramic
heater, a large current must be supplied to the heater in
the initial energization period to quickly heat the heat-
ing wire. In this case, the heating wire becomes fused
and disconnected, and residual high heat adversely
affects the ceramic heater. Therefore, when one type of
heating wire is used, power control cannot be satisfacto-
rily performed, thus resulting 1n poor fast-heating char-
acteristics. Furthermore, fast heating also adversely
affects the battery and the electrical circuit. In the
worst case, fuses therein are disconnected. |

In order to prevent the above problems, a tempera-
ture control means must be additionally arranged on the
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heating wire circuit. As a result, the preheating device
including the glow plug inevitably results in high cost.
In such a ceramic heater type glow plug, a heating wire
of tungsten or the like 1s embedded 1n a ceramic heater
of silicon nitride or the hike. A temperature profile
within the heater tends to be nonuniform, rehiability of
heat-resistance is degraded, and the manufacturing cost
is very high. For these reasons, a proper countermea-
sure must be provided.

A conventional self-temperature control type glow
plug with two coils might solve the problems presented
by the conventional ceramic heater type glow plug, but
some problems on the reliability of the control function
and the like are present. In addition, some problems
with fast heating, since the self-temperature control
type glow plug performs indirect heating through the
ceramic material in the same manner as in the sheath
type glow plug, are also present. More specifically, 1n
the conventional self-temperature control type glow
plug with two different heating materials, a power con-
trol resistor is mounted in a holder while the holder 1s
filled with an insulating material such as soluble glass.
The power control resistor is connected 1n series with a
heating wire in a sheath. This type of plug has a com-
plex structure, and tts assembly 1s time-consuming and
complicated. In addition, it is difficult to properly con-
trol the function of the resistor. With such a structure, it
is impossible to shorten the desired temperature rise to
a period within 7 seconds. Along with the prolongation
of a period of energization, i.e., so-called after-giow
upon starting of the engine, even though such prolonga-
tion is the latest market demand, degradation of the
wire material itself is a critical problem.

In particular, in the conventional glow plug of this

type, demand has recently arisen for an *‘after-glow”

system which improves starting characteristics of diesel
engines and has durability against high-temperature
operating conditions required by the widespread use of
turbo chargers, and which reduces the cost of the pre-
heating device as a whole. According to such an after-
glow system, the energization state of the glow plug is
maintained for a predetermined period of time after
starting the engine, so that combustion in the engine can
be smoothly and properly performed and hence the
amount of exhaust gas and noise can be decreased. In
order to do this, the after-glow time must be as pro-
longed as possible. Even after the engine is started, it is
usually too cold to be operated in a2 normal state in cold
environmental temperatures, and takes a long period of

time to attain a proper idling state. Furthermore, when
the engine is cold, idling noise is increased and white

smoke is exhausted, due to incomplete fuel combustion.
In the worst case, the engine stops. Therefore, the after-
glow effect is required to prevent these problems.

SUMMARY OF THE INVENTION

It is, therefore, a principal object of the present inven-
tion to provide a diesel engine self-temperature satura-
tion type glow plug which has a fast heating function
(i.e., a heater tip can be quickly heated to red), has
heating characteristics suitable for a glow plug with
appropriate peak and saturation temperatures, has a
prolonged after-glow effect, and is of a self-temperature
saturation type.

It is another object of the present invention tO pro-
vide a diesel engine self-temperature saturation type
glow plug with high reliability in heat-resistance and
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mechanical strength, and can be produced in a simple
manufacturing process at low cost.

In order to achieve the above objects of the present
invention, there is provided a self-temperature control

type glow plug wherein a rod heater held at a front end
of a hollow metal holder, such that one end of the rod

heater extends outside the metal holder, consists of an
integral body of a heating section which 1s made of a
conductive ceramic material with a small positive tem-
perature coefficient, and a control section which 1is
made of a conductive ceramic material with a positive
temperature coefficient larger than that of the heating
section and is connected to the heating section.

Different connection states between the heating sec-
tion and the control section are given as follows: -

(1) A substantially rod-like heating section 1s con-
nected to a control section along an axial direction
thereof;

(2) A control section is formed on the outer surface of
the rear end portion of a rod-like heating section
through a refractory insulating layer;

(3) A heating section is formed on the outer surface of
the front end of a rod-like control section;

(4) A heating section is formed on the outer surface of

a refractory insulating cylinder as a base, a control
section i1s formed inside the cylinder, and parts of the
heating section and the control section are connected to
. each other;
- (5) A heating section is formed on the outer surface of
- the front end portion of a refractory insulating layer as
. a base, and a control section is formed continuous with
the heating section; and

(6) A heating section is formed on the outer surface of
the front end portion, the end face of the front end

‘portion and the inner surface of a refractory insulating

~cylinder as a base, a control section 1s formed on the
 outer surface of the rear end portion, the end face of the
~. rear end portion and the inner surface of the cylinder,
- and the heating section is insulated from the control
- _section inside the cylinder.
- One of the heating and control sections is electrically
connected to the holder, and the other is connected
directly, or through a metal wire, to an electrode rod
held at the rear end of the holder. Among the connec-
tion modes, the heating section 1s exposed to the outer
surface of the heater in an inner/outer heating type
arrangement and a surface heating type arrangement.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is an enlarged longitudinal sectional view
showing the main part of a self-temperature control
type glow plug according to an embodiment of the
present invention;

FIG. 2 1s an exploded view for explaining a forming
state of a rod heater as the major member of the glow
plug 1n FIG. 1; -

FIG. 3 is a longitudinal sectional view of the self-tem-
perature control type glow plug in FIG. 1;

FIG. 4 1s a2 graph showing temperature characteris-
tics of a rod heater as the main part of the glow plug in
FIG. 3;

FIGS. 5 and 6 are schematic sectional views showing
modifications of the rod heater in FIG. 1;

FIG. 7 1s an enlarged longitudinal sectional view
showing the main part of a self-temperature control
type glow plug according to another embodiment of the
present invention;
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FIG. 8 is a longitudinal sectional view of the self-tem-
perature control type glow plug in FIG. 7;

FIG. 9 is a schematic sectional view showing a modi-
fication of the rod heater in FIG. 7;

FIG. 10 1s an enlarged longitudinal sectional view of
a self-temperature control type glow plug according to
still another embodiment of the present invention;

FIG. 11 is a longitudinal sectional view of the self-
temperature control type glow plug in FIG. 10;

FIG. 12 1s a schematic sectional view showing a mod-
ification of the rod heater in FIG. 10;

FIG. 13 is an enlarged longitudinal sectional view of
a self-temperature control type glow plug according to
still another embodiment of the present invention;

FIG. 14 1s a longitudinal sectional view of the self-
temperature control type glow plug in FIG. 13;

FIG. 15 1s an enlarged longitudinal sectional view of
a self-temperature control type giow plug according to
still another embodiment of the present invention;

FIG. 16 1s a longitudinal sectional view of the self-
temperature control type glow plug in FIG. 15; and

FI1GS. 17 to 19 are schematic sectional views show-
ing modifications of the rod heater in FIG. 15.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The present invention will be described in detail with
reference to the preferred embodiments 1in conjunction
with the accompanying drawings. |

FIGS. 1 to 3 show a self-temperature control type

glow plug according to an embodiment of the present

invention. Referring to FIG. 3, the overall structure of
a self-temperature control type glow plug 10 will be
briefly described. The glow plug 10 includes a rod
heater 11 whose front end portion serves as a heater,
and a tubular metal holder 12 for holding the heater 11
at its front end. An external connection terminal 14 i1s
concentrically fitted in the rear end portion of the
holder 12 through an insulating bush 13 of a synthetic
resin or the like. The external connection terminal 14 is
connected to an electrode rod 15 through a metal wire
16 such as a flexible wire. The electrode rod 15 is con-
nected to a heating section 20 of the heater 11.

A metal pipe 13a is mounted on the outer surface of
the insulating bush 13. The metal pipe 13a is caulked by
a high-pressure force at the rear end portion of the
holder 12, and is then deformed, so that the insulating
bush 13 is mounted together with the holder 2 with a
predetermined mechanical strength, so as to achieve a
structure free from temperature influences. This effect
can be readily understood from the fact that a conven-
tional plastic insulating bush is subjected to thermal
expansion or contraction and is thereby loosened on the
holder 12. Reference numerals 17q, 175, and 17¢ denote
an insulating ring, a fastening nut and an external lead
fastening nut, which are threadably engaged with a
threaded portion of the rear end portion of the external
connection terminal 14. Lead wires from a battery (not
shown) are clamped by the nuts 176 and 17¢, so that the
external connection terminal 14 is electrically con-
nected to the battery terminal. A threaded portion 124
of the outer surface of the holder 12 is threadably en-
gaged with a screw hole formed in a cylinder head of
the engine and is electrically grounded. At the same
time, the front end of the heater 11 extends inside the
subcombustion or combustion chamber.

The reason the external connection terminal 14 is
connected to the heater 11 via the metal wire 16 lies in
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the fact that the heater 11 is mechamically protected
against external mechanical forces such as various types
of vibration, and a fastening torque, both of which act
on the external connection terminal 14. A material of
the wire 16 1s preferably flexible. However, the terminal 5
arrangement 1s not limited to the above arrangement.
The metal wire 16 may be omitted, and the external
connection terminal 14 may be integrally formed with
the electrode rod 19.

In the glow plug 10 according to this embodiment,
the rod heater 11 held at the front end of the holder 12
consists of a heating section 20 as the front half of the
heater 10 and a control section 21 as the rear half
thereof, as shown in FIG. 1. The heating section 20 1s
formed of a conductive ceramic material with a small
‘positive temperature coefficient. The control section 21
is formed of a conductive ceramic material with a posi-
tive temperature coefficient larger than that of the heat-
ing section 20.

According to this embodiment, unlike in the conven-
tional glow plug wherein the heating wire 1s embedded
in a sheath or in ceramic to constitute an inner heating
type glow plug which is not of the fast heating type, the
heating section 20 is exposed on the outer surface of the
heater 11. At the same time, the control section 21 with
a power control function is integrally formed with the
heating section 20, thereby providing a self-temperature
control function. In addition, the plug’s heat-resistance
i1s also reliably provided. According to the rod heater 11
of this embodiment, the heater section 20 i1s not only
exposed on the outer surface of the heater 11 but also
extends inside the heater 11. Therefore, the heater of
this embodiment can be of an inner/outer heating type,
as opposed to the conventional inner-heating-only type
glow plug. The advantages of the glow plug of this
embodiment are thus apparent from the above descrip-
tion.

The conductive ceramic materials of the heating and
control sections 20 and 21 constituting the rod heater 11
-are preferably fine ceramic materials such as silicon
non-oxides (e.g., MoS1, WSi1,, RuO3, SiC, and LaCrQO3)
which are physically stable even at a high temperature
~of about 1,400° C. and have high resistance to heat
impact. The conductive materials are therefore appro-
priately selected from the above materials. It 1s essential
that the positive temperature coefficient of the heating
section 20 be smaller than that of the control section 21.
However, it is possible to use an identical material for
both the sections 20 and 21. For example, 30% or more
of TiN can be added to sialon, and TiN-containing
sialon of confirmed conductivity (i.e., so-called conduc-
tive stalon) can be obtained. When the content of TiN is
increased to exceed 30%, its resistance continuously
changes. Preferably the content of TiN 1s varted within 55
the range of 30% to 50%.

In the embodiment shown in FIG. 1, the volume of
the heating section 20 in the rod heater 11 is the same as
that of the control section 21 therein. However, the
present invention is not limited to this arrangement. A 60
ratio of the volume of the heating section 20 to that of
the control section 21 can vary in accordance with a
required resistance ratio. In the above embodiment, the
front end portion of the heating section 20 is constituted
by a small-diameter portion. A distance between the 65
heating section 20 and the electrode rod 15 is short to
achieve fast heating. However, the present invention is
not limited to that specific distance.
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As shown in FIG. 2, the preformed heating section 20
and the preformed control section 21 are prepared, and
a metal ring 22 or the like 1s inserted therebetween. The
resultant structure 1s baked under pressure, and the
metal material 1s diffused to form a solid solution layer
at the junction of the sections 20 and 21, thereby guar-
anteeing bonding therebetween. A metal coating layer
23 to be bonded to the inside of the holder 12 1s formed
on the outer surface of the rear end portion of the con-
trol section 21. Thereafter, the electrode rod 15 1s in-
serted in electrode insertion holes 21a and 20a of the
control and heating sections 21 and 20. The front end of
the electrode rod 15 1s electrically connected to the
front end of the heating section 20.

The metal coating layer 23 serves to weld the heater
11 to the holder 12 by brazing or the like. A thermal
expansion coefficient of the metal coating layer 23 must
match that of the conductive ceramic material of the
heater 11. The metal coating layer 23 is formed by a
known technique such as flame spraying, CVD (Chemu-
cal Vapor Deposition), PVD (Physical Vapor Deposi-
tion) or vapor deposition. A thermal expansion coeffici-
ent of the electrode rod 15 must also match that of the
conductive ceramic. Reference numeral 13¢ denotes an
insulating coating layer which is formed on the front
end portion of the electrode rod 15 and insulates the
distal end of the rod 15 from the control section 21. The
heating section 20 is electrically connected to the posi-
tive side of the battery through the external connection
terminal 14, the metal wire 16 and the electrode rod 15.
It 1s readily understood that the control section 21 is
electrically connected to the negative side (ground)
through the metal coating layer 23 located at the rear
stde. |

In this embodiment, the rod heater 11 has a substan-
tially circular cross-section. Thus, forming the rod
heater 11 and mounting it in the holder 12 is simplified.

However, forming and assembly of the heater 11 1s not
Iimited to this method. The rod heater may have an

elliptical or a rectangular cross-section, or any other
shape.

According to the rod heater 11 as described above,
the heating section 20 is exposed to the outer surface of
the heater, and can serve as a fast heating type plug as
compared with the conventional sheath or ceramic
heater type glow plug. In particular, in the above em-
bodiment, the front end portion of the rod heater 11 1s
constituted by a small-diameter portion to shorten the
heating time, thereby greatly improving the starting
characteristics of the engine and optimizing the engine
output. In the above embodiment, if an antioxide pro-
tective film is formed on the outer surface of the heater

11, the durability of the glow plug can be greatly im-

proved.

‘When the heater 11 constituted by an integral body of
the heating and control sections 20 and 21 of the con-
ductive ceramic materials 1s used, good characteristics
of the glow plug 10 can be obtained, as shown in FIG.
4. More specifically, according to a test using the glow
plug 10 of this embodiment, time for heating the heater
11 to a temperature of 900° C. was 3.0 seconds, a peak
temperature was about 1,200° C. when the allowable
range of the peak temperature was less than 1,400° C.,
and a saturation temperature was 850° C.

In the self-temperature control type glow plug with
the arrangement describéd above, when a voltage 1s
applied from the external connection terminal 14 to the
heating section 20 of the heater 11 through the metal
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lead wire 16 and the electrode rod 15, and to the control
section 21 through the heating section 20, the applied
voltage is divided by a resistance ratio of the heating
section 20 to the control section 21 in the initial energi-
zation period. A higher voltage is applied to the heating
section 20 since its resistance is larger than that of the

control section 21. A current supplied to the heating
section 20 has a larger current density than that of the
control section 21, thereby quickly heating the heating

section 20.

When a predetermined period of time has elapsed
after starting heater energization, the control section 21
1s gradually heated to increase its resistance. The volt-
age ratio of the heating section 20 to the control section
21 is gradually changed, and the voltage applied to the
heating section 20 is decreased and controlled. When
the heating section 20 is heated to the peak temperature
of about 1,200° C., it 1s then saturated at a temperature
of about 850° C., thereby preventing it from overheat-
ing. In this state, the resistance of the control section 21
is considerably larger than that of the heating section
20. The voltage applied to the heating section 20 can be
limited to be below a predetermined value, due to the
control function of the control section 21. Thus, even
when prolonged after-glow is to be performed, the
durability of the glow plug can be guaranteed.

According to the glow plug with the arrangement

~-~described above, by using the rod heater 11 including an
- integral body of the heating and control sections 20 and

21 of conductive ceramic materials with different posi-

tive temperature coefficients, unlike in the conventional

glow plug assembly wherein a control circuit must be

" added to the heater circuit, the self-temperature control

function can be properly performed to decrease the cost
~ of the preheating device as a whole.

~ The present invention is not limited to the embodi-
~ ment described above. Various changes and modifica-

" tions for the shapes and structures of the respective
- members can be made within the spirit and scope of the
__invention. In the above embodiment, when the voltage

" "is applied to the heater and control sections 20 and 21
constituting the rod heater 11, the heating section 20 1s
connected to the positive terminal and the control sec-
tion 21 is connected to the negative terminal of the
battery. However, the heating section 20 may be con-
nected to the negative terminal and the control section
21 may be connected to the positive terminal. Further-
more, the shape and structure of the rod heater 11 and
electrode connection structures can be modified.

For example, as shown in FIG. §, the rod-like heating

section 20 1s integrally formed with the control section

21, and a refractory insulating layer 25 is formed on the
outer surface of the heating and control sections 20 and
21 except for the front end portion of the heating sec-
tion 20. An electrode lead 26 is led to the heating section
20 and a negative terminal is led from a portion of the
metal coating layer 23 partially formed on the outer
surface of the control section 21. Furthermore, as
shown in FIG. 6, a recess 205 is formed in the heating
section 20, and a projection 215 fitted in the recess 2056

i1s formed on the control section 21. In this case, even if

the polarities of the electrodes are reversed, no practical
problems will occur.

A self-temperature control type glow plug according
to another embodiment of the present invention will be
described with reference to FIGS. 7 and 8. The same
reference numerals in this embodiment denote the same
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parts as in the previous embodiment, and a detailed
description thereof will be omitted.

In a glow plug 10 shown in FIG. 8, a rod heater 11
held at the front end of a holder 12 includes a heating
section 20 and a control section 21, as shown in FIG. 7.
The heating section 20 comprises a rod member made of

a conductive ceramic material with a small positive
temperature coefficient. The control section 21 1s made
of a conductive ceramic material with a positive tems-

perature coefficient larger than that of the heating sec-
tion 20 and is formed on the rear end portion of the
heating section 20 through a refractory insulating layer
25. Part of the control section 21 is electrically con-
nected to the heating section 20. An electrode rod 15 ts
insulated by an insulating layer 154 except for its front
end portion.

According to the rod heater 11 of this embodiment,
the heating section 20 is exposed to the outer surface of
the heater 11 and at the same time extends inside the
heater. This heater 1s called an mner/outer heating type
heater and provides advantages over the conventional
inner-heating-only type heater.

The rod heater 11 of this embodiment 1s prepared n
the following manner. The refractory insulating layer
25 1s coated on the rear end portion of the preformed
heating section 20. The control section 21 1s bonded
onto the refractory insulating layer 25 to prepare an
integral body. A metal coating layer 23 to be bonded to
the holder 12 is formed on the outer surface of the rear
portion of the control section 21. Subsequently, the
electrode rod 15 is inserted in an electrode insertion
hole 202 formed in the heating section 20. The front end
of the electrode rod 15 1s electrically connected to the
front end of the heating section 20.

In the above embodiment, the rod heater 11 has a
substantially circular cross-section (the front end of the
heating section is constituted by a small-diameter por-
tion so as to achieve quick heating). Forming the rod
heater 11 and mounting it in the holder 12 1s thus simpli-
fied. However, forming and assembly are not limited to
these. The rod heater may have an elliptical or a rectan-
gular cross-section, or any other shape.

The present invention is not limited to the embodi-
ment described above. Various changes and modifica-
tions for the shapes and structures of the respective
members can be made within the spirit and scope of the
invention. In the above embodiment shown in FIG. 7,
when the voltage is applied to the heater and control
sections 20 and 21 constituting the rod heater 11, the
heating section 20 is connected to the positive terminal
of the battery, and the control section 21 ts connected to
the negative terminal. However, as shown in FIG. 9,
the heating section 20 may be connected to the negative
terminal, and the control section 21 may be connected
to the positive terminal. Furthermore, the shape and
structure of the rod heater 11 and electrode connection
structures can be modified.

A self-temperature control type glow plug according
to still another embodiment of the present invention
will be described with reference to FIGS. 10 and 11.
The same reference numerals 1in this embodiment de-
note the same parts as in the previous embodiments, and
a detailed description thereof will be omitted.

Referring to FIGS. 10 and 11, a rod heater 11 held at
the front end of a holder 12 has a heating section 20 and
a control section 21. The control section 21 1s a rod
member made of a conductive ceramic material with a

large positive temperature coefficient. The heating sec-
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tion 20 1s made of a conductive ceramic material with a
positive temperature coefficient smaller than that of the
control section 21 and is formed on the outer surface of
the front end portion of the control section 21, through
a refractory insulating layer 25. Part of the heating
section 20 1s electrically connected to the control sec-
tion 21.

According to the rod heater 11 of this embodiment,
since the heating section 20 is exposed to the outer
surface of the heater, it can be called a surface heating
type heater, thus providing advantages over the con-
ventional inner heating type heater.

The rod heater 11 of this embodiment is prepared in
the following manner. The refractory insulating layer
25 is coated on the outer surface of the front end portion
of the preformed control section 21. The heating section
20 is coated on the refractory insulating layer 25 to
obtain an integral body. A metal coating layer 23 i1s
formed between the holder 12 and the outer surface of
the rear end portion of the control section 21. Subse-
quently, an electrode rod 15 is inserted in an electrode
insertion hole 21a formed in the control section 21. The
front end of the electrode rod 15 1s electrically con-
nected to the front end of the heating section 20.

In the self-temperature control type glow plug 10
with the arrangement described above, a voltage 1s
applied from an external connection terminal 14 to the
- heating section 10 in the heater 11 through a metal wire
16. and the electrode rod 15, and then to the control
section 21.

The present invention is not limited to the embodi-
ment described above. Various changes and modifica-
tions for the shapes and structures of the respective
members can be made within the spirit and scope of the
invention. In the above embodiment shown in FIG. 10,

when the voltage is applied to the heater and control .

sections 20 and 21 constituting the rod heater 11, the
heating section 20 is connected to the positive terminal
~of the battery, and the control section 21 1s connected to
 the negative terminal. However, as shown in FIG. 12,

 the heating section 20 may be connected to the negative

terminal, and the control section 21 may be connected
to the positive terminal. Furthermore, the shape and
structure of the rod heater 11 and electrode connection
structures can be modified, as shown in FIG. 12.

A self-temperature control type giow plug according
to still another embodiment of the present invention
will be described with reference to FIGS. 13 and 14.
The same reference numerals in this embodiment de-
note the same parts as in the previous embodiments, and
a detailed description thereof will be omitted.

Referring to FIGS. 13 and 14, in a glow plug 10, a rod
heater 11 held at the front end of a holder 12 has a
heating section 20 and a control section 21. The heating
section 20 is made of a conductive ceramic material
with a small positive temperature coefficient and is
formed on the outer surface of a refractory insulating
cylinder 30. The control section 21 1s made of a conduc-
tive ceramic material with a positive temperature coefii-
cient larger than that of the heating section 20 and is
formed on the inner surface of the cylinder 30. Part of
the control section 21 is electrically connected to the
heating section 20.

According to the rod heater 11 of this embodiment,
the heating section 20 is exposed to the outer surface of
the heater 11 to constitute a surface heating type heater,
thus providing advantages over the conventional inner
heating type heater. The refractory insulating cylinder
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30 in the rod heater 11 is made of a refractory insulating

“matertal such as silicon nitride (Si3Ng4) or asbestos.

The rod heater 11 i1s prepared in the following man-
ner. The control and heating sections 21 and 20 are
respectively coated on the inner and outer surfaces of
the preformed refractory insulating cylinder 30. The
control section 21 is electrically connected 1n series
with the heating section 20 at the front end of the cyhn-
der 30 to constitute an integral body. A metal coating
layer 23 i1s formed between the holder 12 and the outer
surface of the rear end portion of the heating section 20.
Similarly, a metal coating layer 31 is also formed on the
surface of the rear end portion of the control section 21.
An electrode rod 15 is inserted in the cylinder 30 so as
to electrically connect a front end 156 of the electrode
rod 15 to the metal coating layer 31.

With the above arrangement, the rear end portion of
the control section 21 is connected to the positive termi-
nal of the battery through an external connection termi-
nal 14, a metal conductor 16 and the electrode rod 15.
The heating section 20 is electrically connected to the
holder 12 through the metal coating layer 23 located at
the rear end thereof and is thus connected to the nega-
tive terminal (ground).

In the self-temperature control type glow plug with
the arrangement described above, a voltage 1s appled
from the external connection terminal 14 to the control
section 21 through the metal wire 16 and the electrode
rod 15, and to the heating section 20 through the con-
trol section 21.

The present invention is not limited to the embodi-
ment described above. Various changes and modifica-
tions for the shapes and structures of the respective
members can be made within the spirit and scope of the
invention. In the above embodiment shown in FIG. 13,
when the voltage is applied to the heating and control
sections 20 and 21 constituting the rod heater 11, the
heating section 20 is connected to the negative terminal
and the control section 21 is connected to the positive
terminal. However, the heating section 20 may be con-
nected to the positive terminal, and the control section
21 may be connected to the negative terminal by utiliz-
ing a two-line arrangement. Furthermore, the shape and
structure of the rod heater 11 and electrode connection
structures can be modified.

A self-temperature control type glow plug according
to still another embodiment of the present invention

- will be described with reference to FIGS. 15 and 16.
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The same reference numerals in thts embodiment de-
note the same parts as in the previous embodiments, and
a detailed description thereof will be omitted.

Referring to FIGS. 15 and 16, in a glow plug 10, arod
heater 11 held at the front end of a holder 12 has a
heating section 20 and a control section 21. The heating
section 20 is made of a conductive ceramic material
with a small positive temperature coefficient and 1s
formed on the outer surface of the front end portion of
a refractory insulating body 40. The control section 21
is made of a conductive ceramic material with a positive
temperature coefficient larger than that of the heating
section 20 and is formed on the outer surface of the rear
end portion of the refractory insulating body 40. The
control section 21 is electrically connected to the heat-
ing section 20.

According to the rod heater 11 of this embodiment,
the heating section 20 is exposed to the outer surface of
the heater 11 to constitute a surface heating type heater,
thus providing advantages over the conventional inner
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heating type heater. The refractory insulating body 40
in the rod heater 11 is made of a refractory insulating
material such as silicon nitride (Si3N4) or asbestos.

The rod heater 11 of this embodiment is prepared in
the following manner. The heating and control sections
20 and 21 are coated on the surfaces of the front and
rear portions of the preformed rod-like refractory insu-
lating body 40, respectively. The heating and control
sections 20 and 21 are connected at the center of the
insulating body 40 along its longitudinal direction,
thereby obtaining an integral body. A metal coating
layer 23 1s formed between the holder 12 and the outer
surface of the rear end portion of the control section 21.
An electrode rod 15 is inserted in an electrode insertion
hole 40a formed in the insulating body 40, and the front
end of the electrode rode 15 1s electrically connected to
the heating section 20.

According to the glow plug of this embodiment, the
front end of the heating section 20 is connected to the
positive terminal through an external connection termi-
nal 14, a metal wire 16 and the electrode rod 15. The
control section 21 1s electrically connected to the holder
12 through the metal coating layer 23 formed at the rear
end portion thereof and hence to the negative terminal
(ground).

In the self-temperature control type glow plug with
the arrangement described above, a voltage is applied
from the external connection terminal 14 to the heating

...section 20 in the heater 11 through the metal wire 16

.. .and the electrode rod 135, and to the control section 21
through the heating section 20.

The present invention is not limited to the embodi-
ment described above. Various changes and modifica-

 tions for the shapes and structures of the respective

members can be made within the spirit and scope of the
invention. In the above embodiment shown in FI1G. 15,
when the voltage 1s applied to the heater and conirol

_':.' . sections 20 and 21 constituting the rod heater 11, the

. heating section 20 is connected to the negative terminal,

... and the control section 21 is connected to the positive

...terminal. However, the heating section 20 may be con-
..nected to the positive terminal, and the control section
21 may be connected to the negative terminal. Further-
more, the shape and structure of the rod heater 11 and
electrode connection structures can be modified as fol-
lows.

As shown in FIG. 17, a round rod is used as the re-
fractory insulating body 40, and the heating and control
sections 20 and 21 are consecutively formed on the
outer surface of the insulating body 40. An electrode
lead layer 41 from the heating section 20 is formed on
the outer surface of the structure through a refractory
insulating layer 2§ and 1s connected to the holder 12.
The electrode rod 135 1s connected to the rear end face
of the control section 21.

As shown 1n FIG. 18, the heating section 20 and the
conirol section 21 extend to the front and rear end faces
of the refractory insulating body 40, respectively. The
heating section 20 1s connected to the holder 12 through
the electrode lead layer 41, and the control section 21 is
connected to the electrode rod 15 in the same manner as
in FIG. 17.

As shown in FIG. 19, a refractory insulating cylinder
30 1s used as a base for forming the heating and control
sections 20 and 21. The heating section 20 is formed on
the inner and outer surfaces of the front end portion of
the cylinder 30. The control section 21 is formed on the
inner and outer surfaces of the rear end portion of the
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cylinder 30. The heating section 20 and the control
section 21 are connected to each other on the outer
surface of the cylinder 30. The heating section 20 i1s
insulated from the control section 21 on the inner sur-
face of the cylinder 30. In this modification, the front
end of the electrode rod 15 is connected to the inner
edge of the heating section 20 within the cylinder 30. At
the same time, an electrode lead layer 42 led from the
inner edge of the control section 21 within the cylinder
30 to the outer surface through the refractory insulating
layer 25 i1s connected to the holder 12. With this ar-
rangement, the resistances of the heating and control
sections 20 and 21 can be increased, thus providing
design flexibility and hence obtaiming a giow plug with
higher performance.

According to the self-temperature control type glow
plug of the present invention, a rod heater held at the
front end of a holder includes a heating section and a
control section. The heating section is formed by a
conductive ceramic material with a small positive tem-
perature coefficient at the front end portion of the
holder, and the control section is formed by a conduc-
tive ceramic material with a positive temperature coeffi-
cient larger than that of the heating section at the rear
portion of the holder. The control section is integrally
formed with the heating section. Thus, a simple glow
plug can be manufactured at low cost. The self-temper-
ature control function of the power control section of
the integral body formed by the heating and control
sections provides the following advantages. The heater
can be quickly heated as compared with the conven-
tional glow plugs and provides high performance. The
quick heating function of the heater can be improved.
Heat-resistance characteristics for the high-temperature
operating conditions can be improved. In addition, the
starting characteristics of the engine and heating char-
acteristics such as overshooting can be greatly im-
proved. Therefore, the long-period after-glow effect for
reducing the amount of exhaust gas and noise from the
engine can be achieved. Furthermore, the overall struc-
ture of the glow plug and its assembly can be simplified.
Heat-resistance and durability of the glow plug under
severe operating conditions can be improved.

According to a self-temperature control type glow
plug of the present invention, a rod heater held at the
front end of a holder includes a heating section and a
control section. The heating section is a rod member
made of a conductive ceramic material with a small
positive temperature coefficient. The control section is
made of a conductive ceramic material with a positive
temperature coefficient larger than that of the heating
section and is formed at the rear end face of the heating
section through a refractory insulating layer. Part of the
control section is electrically connected to the heating
section, thus providing a simple glow plug at low cost.
With this arrangement, the advantages described above
can also be obtained.

According to another self-temperature control type
glow plug of the present invention, a rod heater held at
the front end of the holder includes a heating section
and a control section. The control section is a rod mems-
ber made of a conductive ceramic material with a large
positive temperature coefficient. The heating section is
made of a conductive ceramic material with a positive
temperature coefficient smaller than that of the control
section and is formed at the front end face of the control
section through a refractory insulating layer. Part of the
heating section is electrically connected to the control
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section, thus providing a simple glow plug at low cost.
With this arrangement, the advantages described above
can also be obtained.

According to still another self-temperature control
type glow plug of the present invention, a rod heater
held at the front end of a holder includes a heating
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section and a control section. The heating section 15

made of a conductive ceramic material with a small
positive temperature coefficient and is formed on the
outer surface of a refractory insulating cylinder. The
control section is made of a conductive ceramic mate-
rial with a positive temperature coefficient larger than
that of the heating section and is formed on the inner
surface of the cylinder. Part of the control section 1s
electrically connected to the heating section, thus pro-
viding a simple glow plug at low cost. With this ar-
rangement, the advantages described above can also be
obtained.

According to still another self-temperature control
type glow plug of the present invention, a rod heater
~ held at the front end of a holder includes a heating
section and a control section. The heating section 1s
made of a conductive ceramic material with a small
positive temperature coefficient and is formed on the
inner and outer surfaces of the front portions of a refrac-
tory insulating body. The control section is made of a
conductive ceramic material with a positive tempera-
ture coefficient larger than that of the heating section
and is formed on the inner and outer surfaces of the rear
end portion of the refractory insulating body, thus pro-
viding a simple glow plug at low cost. With this ar-
rangement, the advantages described above can also be
obtained.

What is claimed is:

1. A self-temperature control type glow plug com-
prising a rod heater held at a front end of a hollow metal
holder and having one end extending outside said hol-
low metal holder, said rod heater including a heating
section made of a conductive ceramic material with a
small positive temperature coefficient and a control
section made of a conductive ceramic material with a
. positive temperature coefficient larger than that of said
heating section, said heating section being formed inte-
grally with said control section.

2. A plug according to claim 1, wherein said heating
section is located at a front end side of said rod heater,
and said control section is located at a rear end side
thereof.

3. A plug according to claim 1, wherein an electrode
rod is guided in said heating section through said con-
trol section, a portion of said electrode rod which ex-
tends through said control section is insulated from said
control section through an insulating material, said con-
trol section is connected to an external source through
said metal holder, and said electrode rod i1s connected to
an external connection terminal through said metal
holder. |

4. A plug according to claim 1, wherein said heating
section has a small cross-sectional area at least at a front
end portion thereof. |

5. A plug according to claim 1, wherein said heating
section has a rod-like shape, said control section 1s
formed on an outer surface of a rear end portion of said
heating section through a refractory insulating layer,
and said heating section is partially electrically con-
nected to said control section.

6. A plug according to claim 5, wherein an electrode
rod is guided in said heating section through said heat-
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ing section, a portion of said electrode rod which ex-
tends through said heating section, except for a front
end portion of said electrode rod, is insulated from said
heating section through an insulating material, said
control section is connected to an external source
through said metal holder, and said electrode rod is
connected to an external connection terminal through
said metal holder.

7. A plug according to claim 5, wherein said heating
section has a relatively small cross-sectional area at least
at a front end portion thereof.

8. A plug according to claim 1, wherein said control
section has a rod-like shape, said heating section is
formed on an outer surface of a front end portion of said
control section through a refractory insulating layer,
and said heating section is partially electrically con-
nected to said control section.

9. A plug according to claim 8, wherein said heating
section is formed on a front end face of said control
section through a refractory insulating layer, an elec-
trode rod is guided in said control section through said
control section and is isolated from said control section
through an insulating material, a front end of said elec-
trode rod is connected to said heating section, said con-
trol section is connected to an external source through
said metal holder, and said electrode rod is connected to
an external connection terminal through said metal
holder. |

10. A plug according to claim 1, wherein said heating
section is formed on an outer surface of a refractory
insulating cylinder, said control section 1s formed on an
inner surface of said refractory insulating cylinder, and

“said heating section and said control section are electri-

cally connected at a front end of said refractory insulat-
ing cylinder.

11. A plug according to claim 10, wherein said heat-
ing section is connected to an external source through
said metal holder, said control section 1s connected to
an electrode rod, and said electrode rod is connected to
an external connection terminal through said metal
holder.

12. A plug according to claim 10, wherein said refrac-
tory insulating cylinder comprises an insulating ceramic
member.

13. A plug according to claim 1, wherein said heating
section is formed at a front end portion of a refractory
insulating rod, said control section is formed at a rear
end portion of said refractory insulating rod, and said
control section is electrically connected to said heating
section.

14. A plug according to claim 13, wherein said con-
trol section is connected to an external source through
said metal holder, an electrode rod extends through said
refractory insulating rod, a front end of said electrode
rod is connected to said heating section, and said elec-

trode rod is connected to an external connection termi-

nal through said metal holder.

15. A plug according to claim 13, wherein said heat-
ing section is connected to an external source through
said metal holder, and said control section is connected
to an external connection terminal through said elec-
trode rod arranged inside said metal holder.

16. A plug according to claim 15, wherein a refrac-
tory insulating layer is formed on said control section
and said heating section, and a front end of said heating
section is connected to said metal holder through a
conductive layer formed on said refractory insulating
layer.



4,682,008

15

17. A plug according to claim 13, wherein said insu-
lating rod comprises an insulating ceramic member.

18. A plug according to claim 1, wherein said heating
section 1s formed on an outer surface of a front end

portion, a front end face, and an inner surface of said

front end portion, of a refractory insulating cylinder;
said control section 1s formed on an outer surface of a

rear end portion, a rear end face, and an inner surface of
sald rear end portion, of said refractory insulating cylin-
der; said heating sectton is electrically connected to said
control section on said outer surface of said cylinder;
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and said heating section is insulated from said control
section on said inner surface of said cylinder.

19. A plug according to claim 18, wherein said refrac-
tory insulating cylinder comprises an insulating ceramic
member.

20. A plug according to claim 19, wherein said con-
trol section 1s connected to an external source through
sald metal holder, said heating section is connected to

said electrode rod arranged inside said cylinder, and
said electrode rod is connected to an external connec-

tion terminal through said metal holder.
¥ S ¥ * *
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